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Abstract 
In consideration of the fact that production technologies are resources that can be exploited across various industrial sectors, their current and 
prospective technological properties are likely to face requirements from different target industries. Because these requirements can diverge 
extremely between industries, a methodology will be proposed that enables to assess the compatibility of diverging requirements. It aims at 
composing consistent, cross-industrial clusters of technological requirements that can potentially be met without significantly adapting the key 
features of the production technology at hand. These clusters are then mapped with the purpose of deriving an optimized technology 
development path that increases both long-term market security and overall exploitation potential.  
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1. Introduction 
Today, many market environments are characterized by 
rising raw material costs, technological and economic 
uncertainty and decreasing profit margins. In order to maintain 
long-term competitiveness the improvement of profitability 
has therefore become a top strategic priority for many 
companies acting within a global competition arena. The 
advantage held by western companies over their competitors 
from emerging markets is often attributed to the high 
performance and quality of their products [1]. However, this 
technological lead is rapidly being eroded as the Asian and 
South American economies catch up [2]. 
Market and production-oriented development strategies 
provide an approach to safeguarding competitive strength in 
the long term by improving profitability [1]. However, this 
approach comprises a dilemma, which arises from the 
divergent requirements of the multitude of products that could 
potentially be addressed by a production technology. This 
dilemma has to be solved in consideration of all available 
resources of the technology development process. This is 
being achieved under increasingly complex conditions. 
Intense pressure on time and costs in conjunction with more 
exacting quality-related requirements, steadily escalating 
complexity of production technologies and simultaneously 
decreasing product life cycles are just a few examples of the 
growing challenges product and technology development have 
to deal with (c.f. [3], [4]).  
At present the improvement of profitability mainly rests on 
two strategic pillars: ambitious and innovative new product 
and technology development initiatives as well as 
comprehensive cost-saving projects. But how can companies 
simultaneously increase development efficiency and economic 
effectiveness while additionally maintaining these 
improvements in the long term? This question demonstrates 
that structured technology management in companies with 
limited availability of personnel and financial development 
resources is becoming increasingly relevant. Mistakes relating 
to the development of new technologies can put the entire 
existence of a company, particularly SMEs, at risk, since these 
frequently do not have the capital or adequate alternative 
technologies required to absorb failures [5]. Therefore, a 
dedicated methodology to derive an optimized, effective 
technology development path based on cross-industrial 
exploitation options while safeguarding development 
efficiency is needed. 
© 2014 Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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The methodology outlined in this paper considers 
manufacturing and production technologies as a widely 
applicable resource across various industries and particularly 
aims at supporting technology planners to utilize and leverage 
this cross-industry exploitation potential. 
2. Problem 
Even though production technologies are particularly well 
placed to meet demands from a broad variety of diverse 
industry sectors, the assessment as to which of the 
technological requirements in the available technological 
performance spectrum can effectively be combined in order to 
obtain a successful machine concept, presents an enormous 
challenge. The overall objective is to ensure that technology 
development is focused from a very early stage on attractive 
target markets by bundling the technological requirements of 
products from a range of target sectors in homogenous 
requirement clusters, which can be addressed economically. 
The need to ensure timely identification and assessment of 
technology options presents companies with the following 
problems:  
1) From a practical point of view, there is an extremely 
wide range of diverse technological requirements imposed on 
manufacturing technologies by different sectors of industry. 
Consequently, the entrepreneurial decision-making cascade 
becomes inefficient and slow due to the excessive amount of 
information to be processed. Additionally, there is a tendency 
arising from the limited resources to focus on the solutions, 
which present themselves most readily and to concentrate on 
known target markets, thus severely restricting the potential 
for multi-sectoral application from the very beginning of the 
development process. 
2) From a scientific point of view, it is apparent that to 
date the need for targeted evaluation of the economic 
efficiency and feasibility for combination of cross-sectoral 
requirements regarding the deployed production technologies 
have not been systematically addressed. Despite the fact that 
various models have been developed for technology 
evaluation, these are all generic and abstract in nature, 
frequently making no allowance for monetary prioritization of 
development options. A realistic estimate of the monetary 
exploitation potential is, however, a major evaluation criterion 
in any meaningful exploitation decision.  
3. Hypothetical solution and aim 
The presented concept is based on the hypothesis that the 
technological principle of a production technology has the 
potential for cross-industry exploitation.  
Not until design parameters for the production technology 
are defined as part of the product development process, 
exploitation-related restrictions, e.g. relating to the 
dimensions which can be machined or the surface qualities 
and tolerances which can be achieved, become effective. 
These restricting decisions regarding target markets and 
products reduce the cross-industry applicability of the 
technology already in an early planning stage, there-by 
necessitating iterations and adaptations in the further course 
of the development process.  
The diversity of the possible applications and the 
requirements relating to the production technology associated 
with these in conjunction with market uncertainty and the 
availability only of qualitative information in early planning 
stages, are among the main problems to be addressed via a 
systematic evaluation method. The aim is to provide users 
with a method, which will permit targeted technology 
management by rendering the potential, but not yet visible 
added value of wider technology exploitation, to be weighed 
up against the additional development cost more quickly and 
more easily. The boundaries between technology and product 
development are somewhat fuzzy in this context. Technology 
development can be regarded as the process which determines 
the performance limits of the technology principle. Within the 
scope of the performance limits of a manufacturing 
technology, which are ultimately set via the design of the 
product in the form of a machine, the product development 
process subsequently decreases the performance range, which 
can be effectively utilized within the theoretical performance 
limits of a given technology principle. In this context, it is 
important to align the two paradigms of market-pull and 
technology-push already at the technology planning stage to 
ensure that they are optimized and that they are coordinated 
with one another in the long term.  
The hypothetical solution is based on the assumption that 
multi-sectoral, technologically homogeneous requirement 
profiles can be described by a fixed set of design parameters. 
Therefore, development options can be derived in the course 
of requirement clustering, given that these clusters are 
consistent with a set of homogeneity criteria in the form of 
feasible margin widths around a mean reference value for 
each design parameter. As a starting point for an economic 
evaluation, a reference performance profile – e.g. in the form 
of a reference machine either specified in the development 
process or a comparable reference machine already 
commercially available – specifies a preliminary limitation on 
the design parameters for the production technology within 
the framework of the physical performance limits of the 
underlying technological principle. The influence exerted by 
adaptations to the design parameters can then be evaluated on 
the basis of the reference performance profile. A further 
assumption is that the economic efficiency of a development 
option can be assessed within a specific company by pursuing 
various systems engineering approaches and optimized by 
carrying out selective adaptations. The hypothesis underlying 
this assumption is that the derivation of a theoretical net value 
for each of the homogeneous clusters of requirements permits 
distinctions to be drawn between various development 
options. The approach subsequently enables the definition of a 
development path with optimized exploitation potential in 
terms of providing a net-value-based product-requirements 
catalogue for technology development at different times. 
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4. State of the Art and problem-solving approach 
The problem-solving approach is illustrated in Fig. 1. The 
resulting instrument, which is intended to support technology 
planning, is based on a method of evaluating requirements. 
In the effort to come up with an effective method, systems 
engineering, which is a sub-sector of systems science, has 
established itself in academia as well as in industry as a means 
of supporting the problem-solving process along with model 
theory, which transforms an actual problem into a formal one 
([6], c.f. [7]). Both areas correspond to the fundamental idea 
of integrated thinking (c.f. [8]). It is anticipated that their 
application will render the complexity of a company-specific 
context, which sets the boundary conditions for technology 
related decisions, manageable. The required models are 
described in more detail in the following sub-sections. 
 
Fig. 1. Overall concept of the problem-solving model 
4.1. Target system 
The aim of the target system is to identify company-
specific influencing factors and boundary conditions, which 
influence the organization of technology planning and 
development and to process them for industrial application.  
The principal factors in technology planning and 
development are the available financial and human resources 
along with the prevailing culture of innovation. Additionally, 
the strong relationship between technology planning and 
technology strategy is well known since strategy, in providing 
a long-term target, is a major influencing factor on technology 
planning and development [9]. In addition to the consideration 
of the availability of resources and innovation orientation, it 
will thus be taken account of all company characteristics that 
influence the technology strategy of a company. 
In addition to the company characteristics set out by Porter, 
there are a number of empirical studies in literature, that 
investigate the individual effects of influencing factors on 
strategic decisions related to technology strategy (c.f. [10], 
[11], [12]). A comprehensive compilation of relevant 
influencing factors and specific company-characteristics will 
provide the user with information about boundary conditions 
that must be taken into account when selecting options for 
technology planning and development. Subsequently, the 
relevance of individual influencing factors as well as available 
decision fields will be analyzed using an Effects and Pareto 
analysis. The most relevant influencing factors will then be 
processed for industrial use-cases. 
The outcome of the target system model is a set of relevant 
aims and restrictions, enabling the user to derive a company-
specific system of targets for technology planning and 
development for a particular production technology, which is 
consistent with the company-specific boundary conditions and 
its technology strategy.  
4.2. Technology model 
Aim of the technology model is to enable production 
technologies to be described in detail in terms of design 
parameters of relevance to the development process, thus 
rendering them accessible for any target-oriented evaluation. 
Existing studies and models developed in order to 
characterize technologies are extremely heterogeneous. The 
reason for this is that they were developed in response to 
specific requirements in various scientific disciplines such as 
complexity and variant management, quality management, 
innovation management or design engineering (c.f. [13], [14], 
[15], [16], [8], [17], [18]). The challenges addressed in these 
models are very diverse, ranging from increased product 
quality, promotion of cross-industry innovations, 
identification of diversification options to reduced product 
and production complexity. The higher-level orientation logic 
applied in order to address the challenges likewise varies 
between technology-push and market-pull approaches and 
generally focusses on improving the products, rather than the 
underlying technologies.  
Models such as the Opitz Key [17], the generic model for 
describing production technologies developed by Knoche [16] 
or the characterization model within the framework of 
potential-based evaluation of new technologies set up by 
Schöning [18], provide a suitable basis for characterizing 
production technologies. However, these models require 
application-oriented restructuring as well as an option for 
technology-specific adaptability in order to render the solution 
space relating to each relevant design parameter of a generic 
production technology. A systematic and comprehensive 
analysis of existing characterization models has already been 
conducted in order to identify the characteristic design 
parameters of a production technology. Criteria such as 
technological genericity, intuitive applicability or the ability 
for technology-specific standardization governing the ultimate 
selection were defined beforehand. The chosen criteria reflect 
the awareness that the final characterization model is of high 
practical relevance for technology-oriented companies. This 
relevance was additionally pointed out during discussions 
with experts and in workshops with industry representatives. 
The conducted analyses concluded that the following generic 
design parameters are highly relevant in order to characterize 
a production technology: geometric complexity, dimension, 
tolerance, surface quality, material flexibility as well as 
production volume (cf. [8], [13], [14], [15], [16], [17]).  
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The resulting set of parameters and metrics permits 
simultaneous representation of both current performance 
capacity as well as theoretically achievable capacity - 
determined by physical performance limits - of a production 
technology. Furthermore, it enables the requirements of all 
products identified in potential target markets to be 
characterized.  
The final technology model is capable of accommodating 
production technology-specific standardization of the 
parameters in order to take account of the variability within 
the design parameters over a range of production 
technologies, thereby giving developers an opportunity for 
intuitive scaling. It is also important to note that the 
information relating to potential target products has to be 
transferred to a requirement profile which is compatible with 
the performance profile. However, not all relevant product 
information is quantifiable at the early planning stage. 
Therefore, it is essential to create an option within the 
technology model of ensuring that even qualitative 
information can be processed for evaluation purposes. It is 
anticipated to provide an option allowing for intuitive scaling 
by the user. Thus, it is essential to systematize and present the 
characteristic design parameters and the degree to which they 
may occur in a clear, application-oriented form.  
The outcome of the technology model is a system of six 
universally valid design parameters, which permit the current 
and future performance of a given production technology to 
be set out in detail. Additionally, the technology model 
provides input such as limiting and/or search parameters for 
the market and the technology configuration models. 
4.3. Market model 
The aim of the market model is to define and characterize 
the area of interest in terms of the markets and/or products to 
be addressed. In the course of this activity, it will is essential 
to extrapolate systematically the market-related, multi-
sectoral exploitation potential and to draw up requirement 
profiles in order to make it accessible for evaluation. 
The market model will undergo a multi-stage definition, 
description and classification process. Starting from the 
definition of the markets to be considered, the market-related 
area of consideration for a distinct production technology is 
limited on the basis of the technological performance profile. 
Since the acquisition of market-related data is highly 
resource-consuming, the aim at this point will be to define 
only relevant target markets. It will be necessary to develop 
an approach which permits users to define their market-
related area for consideration on the basis of a range of 
criteria (c.f. [19]). In this context, it is assumed that users will 
define their own target markets on the basis of the provided 
criteria previously highlighted.  
As the market-related area of consideration has been 
clearly rendered, the market and comprised products need to 
be characterized using suitable features. All relevant 
technology-related properties will be described by the 
parameters of the technology model. As regards relevant 
market-related characteristics, there are countless theoretical 
suggestions (c.f. [20], [21], [22]). The five competitive forces 
cited by Porter, who contends that any given market can be 
characterized by direct competitors, potential competitors, 
customers, suppliers and substitute products serve as an 
example of a concrete approach for market characterization 
[12]. Due to the extensive number of further potential 
characteristics, it is crucial to identify those, which exert the 
most relevant influence on a decision regarding exploitation 
of a given production technology. Another Pareto analysis 
will be conducted on the basis of a comprehensive literature 
research in order to identify the most important market-related 
attributes for the characterization of the exploitation potential 
within different target markets. Those characteristics revealed 
to be the most relevant, will be processed for further use. 
The outcome of the market model is a characterization of 
potential target markets and the products in these markets for 
which the production technology could be utilized. The 
technological information is then transferred to the technology 
configuration model in the form of characteristic technology 
requirement profiles. 
4.4. Technology configuration model 
Aim of the configuration model, which is still under 
research, is to derive an optimized development pathway with 
respect to the technological capacity of the technology as well 
as to the boundary conditions and aims of the developing 
company. The model will permit optimized configuration of 
the production technology design parameters for various 
points in the planning phase and transfer these to a technology 
development path (roadmap). This feature is currently being 
implemented into a tool, which will guide and support the 
user systematically. 
The »fit« of exploitation options to both the performance 
range of a production technology defined within the 
technology model as well as to the homogeneity criteria for 
individual machine concepts to be prescribed by technology 
development, are crucial to the research project. The 
categories »fit as matching« and »fit as gestalt« (e.g. cluster 
analysis) are of particular relevance in this context [23]. 
Since it is not possible to ensure that the evaluation 
instrument is provided only with requirement profiles which 
are actually achievable, it will be vital to remove all those 
profiles lying above both the current and the potentially 
achievable performance range of the production technology 
by »fit as matching«, as soon as the profiles are transferred 
from the market model to the technology configuration model.  
Within a first sub-step of the evaluation (compare Fig. 2 
for overview on all sub-steps), it is intended to form 
technologically homogeneous requirement clusters in order to 
identify products with similar manufacturing needs that can 
potentially be manufactured on one individual machine tool. 
These requirement clusters are created via a multi-
dimensional cluster analysis. A maximum margin width 
around a mean value for each design parameter of the 
technology model will serve as homogeneity criteria, whereas 
these criteria will be set by technology development in order 
to characterize feasible individual machine concepts. They 
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can either be derived from already available machine tools or 
based on the assessment of technology experts. The cluster 
analysis will utilize a catalog of multi-sectoral product 
requirement profiles drawn from the market model. The mean 
value and margin width of each design parameter can be 
considered as optimization variables for the subsequent steps.  
 
Fig. 2. Schematic diagram of clustering and monetary evaluation 
As second sub-step, the evaluation instrument 
encompasses a model determining the economic efficiency of 
a homogeneous cluster of requirements. The existing cost 
model permits a mathematical expectation value-based 
balance drawn between the exploitation potential of a 
technological development option (benefit of addressing a 
homogeneous cluster of requirements) and the expected 
expense in the form of R&D cost for developing this option.  
Related to determining the benefit-side of the balance sheet 
there is a major problem to be solved. For a machine tool 
manufacturer as technological enabler the problem is existent 
that there is no direct access to the end customer of 
manufactured products. The added value for the end 
customer, which is generated by the production technology, 
cannot be assigned directly as benefit to the machine 
manufacturer. The research currently carried out by Schubert 
[24] aiming at determining the value contribution of a 
technology to a production system may provide an approach 
to evaluate the exploitation potential on the benefit side of the 
balance. An additional approach would be to derive a 
production technology-specific factor, which estimates the 
proportion of the role played by a production technology in 
the total market volume of a certain product. Essential market 
information is drawn from the market model via market 
studies relating to products characterized in requirement 
profiles.  
The cost side of the balance sheet is determined by a 
prognosis of the development cost induced by addressing a 
homogeneous cluster of requirements. The prognosis is based 
on the assumption that for each design parameter, a formulaic 
correlation between expected development costs and a 
combination of mean reference value and margin width can be 
determined in the form of a transformation function. For 
instance, the design parameter »dimension« illustrates that 
increased development costs are likely to be expected for both 
particularly small - precision machining - and particularly 
large dimensions - special purpose machinery manufacture 
(see Fig. 2, effort side). The mathematic correlation would 
correspond accordingly to a quadratic parabolic function 
between development costs and reference mean value where 
the minimum is located around the achievable dimensions of a 
state-of-the-art or standard machine. In addition to the mean 
reference value, there is a further correlation between the 
selected margin width and development costs. Accordingly, 
the formulaic link to the prediction of development costs is 
multi-dimensional (multi-dimensional nature of 
transformation functions is not depicted in Fig. 2). 
The reference machine determined by technology 
development for the technology model serves as an economic 
reference for the cost model as well. The anticipated 
development costs for the reference machine requested by the 
developer, are allocated by weighting the individual design 
parameters and then act as a sampling point for the cost 
function as a triad encompassing costs, mean reference value 
and margin width. Further sampling points will be required in 
order to achieve a complete description which will be 
included in the cost model via the characterization of at least 
one further reference machine (e.g. commercially available 
machine tools). Additionally, account will be taken of the 
interactions between the identified design parameters of the 
technology model (e.g. precision and surface quality 
performance can be directly related to dimension) and will be 
modeled as well. This is crucial in order to permit 
optimization in the subsequent step. It is important to note that 
the formulaic correlations assume a forecast character during 
early stages of technology planning. Due to the fact that a 
certain level of information uncertainty will be ever existent at 
this stage, the presented approach intends to provide a reliable 
information basis for the selection of development options by 
facing uncertainty with a high degree of systematic support.  
In the third evaluation step it is essential to review the 
homogeneous requirement clusters which can be addressed in 
economic terms with a view to maximizing the long-term 
potential for exploitation. Ultimately, an optimization 
algorithm, which configures the combination of mean 
reference value and margin width in relation to the design 
parameters of the production technology under consideration 
of various points in time of within the planning horizon, will 
be applied in order to optimize the development pathway.  
Outcome of the technology configuration model is an 
exploitation-optimized technology development path-way, 
based on a systematic multi-stage evaluation model. 
5. Conclusion 
In summary, the presented approach permits the 
identification and evaluation of homogeneous product 
clusters, which consider requirements regarding specific 
design parameters from different target sectors. The 
implementation of the technology model and particularly the 
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cost side of the economical evaluation within the technology 
configuration model has already been implemented in a tool. 
Within this on-going research, further work is required to 
detail this automatable optimization algorithm, which will 
optimize the setup of design parameters in terms of monetary 
exploitation potential of the production technology at hand.  
A fully applicable demonstrator of the technology planning 
tool is expected to be available for validation in the late 2014.  
6. Outlook 
The approach will be further refined and validated within 
the EU-funded research project “FibreChain” (Integrated 
Process Chain for Automated and Flexible Production of 
Fibre-Reinforced Plastic Components). First results shown in 
Fig. 3 depict how the exploitation-optimized development 
pathway for the “FibreChain” technology was visualized. 
 
Fig. 3. FibreChain Cross-Industry Roadmap 
The roadmap shows, that up to 2020 two homogeneous 
requirement clusters – namely pipes, tanks & vessels and 
exterior components – are highly relevant from a market 
perspective and feature broad cross-industry coverage. 
Furthermore, they are already addressable with existing 
technological competencies and should thus be focused for 
current development. Additionally, the roadmap indicates that 
the developing requirement clusters integration of electrical 
equipment and engines & turbomachinery are anticipated to 
become attractive beyond 2030. Development projects should 
already be guided into this direction since there are currently 
no technological competencies available in this area. The 
proposed development activities should preferably be funded 
by revenues from currently attractive and already addressed 
requirement clusters in order to utilize available company 
resources in an exploitation-optimized way. 
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